Abstract-In this paper an automated control system of thick film resistive heater for gas sensor applications has been designed using low cost technologies. To control the desired temperature of heater, a programmable voltage with 12 bits resolution applies which can be adjusted to the appropriate temperature. The circuit consists of ADC, DAC, microcontroller, and current buffer. This circuit compensates dropt voltage across the heater which has been resulted from the ambient temperature changes. In particular, using one microcontroller for entire heater process is for the first time introduced to drive the heater, control heater temperature, and compensate ambient temperature of heater all together automatically. Fabrication of this circuit using commercially available technologies and simplicity of the circuit make it a novel and simple design in gas sensor applications. This circuit has the ability to connect to alarms and computers in order to monitoring purposes.
I. INTRODUCTION
Gas sensors have been used for several applications, ranging from environmental and air-quality monitoring to automotive and industrial control [1] .
Basically, there are different technique to fabricate gas sensor which can have high accuracy and ability. One of these techniques is by using thick film technology. This technique has been based on semiconducting oxides and manufactured by the screen-printing method have certain advantages with respect to other types of gas sensors. For getting this response, the heater needs to provide desire temperature. For detecting small concentrations of a reactive gas in air, the surface reactions are more relevant than the bulk changes, so that the specific surface of gas sensitive elements must be as high as possible [2] .
This method, however, has some disadvantages, such as complicated procedures, low resolution and long processing times. It requires high temperature postprocessing to obtain the desired material properties, and needs screen mask, which is generally inflexible for design modifications. All these shortcomings limit its application in many situations [3] .
Thick films devices has been fabricated by screen printing pastes, usually containing glass and metal powders, onto an alumina or SiC substrate. This technology is used for many years in the electronics industry to produce circuit containing conductors, resistors and dielectrics [4] .
Thick-film hybrid circuit is produced by depositing layer of special pastes or inks on an insulating substrate of which is to produce a fired composite that will control the electrical conduction process. The substrate is usually a ceramic wafer and alumina. The main requirements for a thick-film conductor ink are as follows: it should have high conductivity; exhibit good adhesion; be solder able and show a high resistance to leaching. In general, noble metals such as gold, silver, platinum and palladium of particle size less than 5 μm, are used as the conducting phase [5] .
The gas sensors should have high accuracy and high speed, so for this purpose heaters of sensors should be able to adjust themselves with the ambient temperature effect. For appropriating this purpose and controlling temperature (since the heater's resistance is directly related to temperature) high accuracy interface circuit is used. Auto calibration circuit has been used for driving different heaters of gas sensors, calibrating and compensating the environment and ambient temperature effect. Thick film technology is a method for fabricating high accuracy gas sensors. These devices contain three major parts: heater, electrodes, and active layer.
Active layer makes a reaction with the target gas, in order to change the resistivity between the electrodes. This happens at a certain temperature for a certain target gas. To achieve to that temperature range, heaters are made of a platinum trace onto the substrate. The heaters of some thick film gas sensor are fabricated on opposite side of substrate and some are printed on same side under the electrode part, insulated by an insulating layer is normally AL 2 O 3 , (Fig.1 ). Each gas sensor is composed of a heater resistor to heat up the sensor at its working temperature between 100°C and 500°C ( fig.2 ). 
A. Heater temperature control for a sensor
An electronic interface circuit sufficiently fast for driving the heater and controlling the temperature is essential.
Voltage has been applied for driving heater and the application is controlled by a microcontroller which programmed to drive each heater. Knowing the resistance vs. Heater temperature can be controlled by several ways (i.e. operating the heater at constant voltage, NTC, PTC, temperature sensor, RCO, TCR resistor, Watson bridge and etc) is used [1, [5] [6] [7] [8] [9] .
However, these ways might have more accuracy but once they are used, designers have to add an additional component to sensor, which will cause bigger size, more costs and decrease the performance of the sensor. The control of the heater includes supplying a given amount of power while its resistance is measured. When the selected temperature is reached, the power control must maintain the heater resistance in a stable value.
The heater control block consists of 10 bit analog to digital convertor (ADC), for recognizing the heater temperature; Microcontroller which is used for reading ADC value, doing control process and applying appropriate voltage to DAC; 12 bit digital to analog (DAC) for applying desired voltage to heater; and Current buffer for providing heater current (Fig. 3) . 
III. RESULTS AND DISCUSSION
Each heater is biased at constant voltage and heater resistance depends on its temperature. So, the temperature should be increased up to desired level. Constant voltage is applied to the heater at room temperature. The temperature of the heater will be increased and heater starts to heat up (table 1). For instance, if the heater is connected to 9V power supply, its temperature will go up to 250°C. Therefore, the higher temperature equals the more voltage and heater resistance, as well as the temperature reduction (Fig. 4) . The relationship between temperature and voltage which has been resulted from graph in Fig. 4 T P 1 R + P 2 5.804 < P 1 < 6.855,
Optimized value P 1 = 6.329 -178.4< P 2 < -123.9, Optimized value of P 2 = -151. Any small change occurs in ambient temperature, it affects the temperature and heater's performance. Thus, by increasing ambient temperature, heater resistance increases, and by decreasing ambient temperature, it will According to KVL principle, the sum of the electrical potential differences around any closed circuit must be zero:
There are some advantages for this method comparing with other methods, including less expense, more simplicity, ability to connect to each sensor with similar (KVL:
fabrication and high performance. Due to controlling the circuit by a resistor which is directly affected by heater, effects of environment and ambient temperature on The impact of any voltage change across the R heater will be observable across R cal because series resistor (R cal ) is connected to R heater ( figure 7) . Once a small change occurs in heater resistance due to change of the ambient temperature, current of the heater will be changed (I heater =I cal ). So regarding to Kirchhoff's Voltage Law (KVL) and constancy of R cal , the voltage drop across the R cal will be changed The drop voltage across R cal should be converted to digital by ADC (table 3) , and send it to microcontroller. Appropriate amount of voltage (proportional with voltage drop) is modified by microcontroller and send it to heater, in order to compensate voltage drop and ambient temperature. Finally, effect of ambient temperature is compensated, and the circuit automatically will be calibrated. control process is very negligible and ignorable.
IV. CONCLUSION In this paper heater of gas sensor was driven measured and then controlled. In addition, a design interface circuit for heater's thick film gas sensor resistor was presented. The heater was made of several materials. This experiment was performed by PT heater. This circuit included heater and heater driver and interface circuit to recognize the temperature and compensate the ambient temperature, due to ambient temperature has some effects on heater's performance. The heater temperature has been controlled and adjusted by microcontroller. For this purpose a simple circuit has been used. The heater control block comprise of analog to digital convertor (ADC), for recognizing the heater temperature; Microcontroller which was used for reading ADC value, doing control process and applying appropriate voltage to DAC, digital to analog (DAC) has been used for applying desired voltage to heater; and Current buffer for providing heater current.
The advantages of this circuit are too simplicity and low cost due to use commercials component for fabrication, also high accuracy, and user friendly. This circuit has the ability to connect to alarms and computers in order to monitoring purposes.
